Inoculation of avian oncoviruses into 1-to 2-month-old chickens led to a rapid production of antiviral humoral antibodies. Under these conditions it was found that avian leukosis viruses are sequestered in macrophages of peripheral blood, in which they can persist for a long period of time (up to about 3 years). In contrast, avian sarcoma viruses were never found in macrophages from chickens during the progression of sarcomas or after regression of the tumors.
Avian oncoviruses have been divided into three main groups on the basis of their pathological properties: sarcoma viruses, acute leukemia viruses, and lymphatic leukemia viruses (6) . Sarcoma and acute leukemia viruses, when injected into chickens, cause sarcoma or leukemias after a very short period of time. Lymphatic leukemia viruses or leukosis viruses induce lymphoid leukemia and leukosis after prolonged periods of time. We have recently observed (3, 4) that the replication of avian oncoviruses in chicken macrophages cultivated in vitro is subgroup dependent; i.e., viruses of subgroups B and C are able to replicate in these cells, whereas those of subgroups A and D are excluded.
The role of macrophages or mononuclear phagocytes in monitoring viral infections is now very well documented (8) . In particular, these cells have been shown to play a key role in persistent viral infections (1) . Moreover, they also participate in cooperation with lymphocytes in the induction of cellular and humoral immune responses.
On the basis of these observations, we have looked for the presence of avian oncoviruses in macrophages from chickens infected with sarcoma or leukosis viruses. The results show that avian leukosis viruses were detected in macrophages from the peripheral blood of chickens immunized against these viruses. The data show that these viruses can persist for a long period of time, up to about 3 years. In contrast, avian sarcoma viruses were never detected in macrophages from chickens infected with these viruses, although neutralizing antibodies were present.
MATERIALS 2) and Carr Zilber-associated virus (CZAV), were chosen as representatives of subgroups B and D, respectively. Other viruses used in this study were clonepurified stocks of Prague strain Rous sarcoma virus subgroup A (PR-RSV-A), of the Bryan high-titer strain of Rous sarcoma virus (BH-RSV) complemented with MAV-2, and of avian sarcoma virus (B77).
Immunization of chickens. White Leghorn chickens of line 6 (United States Department of Agriculture, East Lansing, Mich.) of C/E phenotype were used. All chickens were inoculated when 1 to 2 months old. Immunization of chickens with MAV-2 or CZAV was performed as follows. Chickens were inoculated in the wing muscle twice a week during 3 consecutive weeks with 106 plaque-forming units of the viral preparation. Viral presence and neutralizing antibodies were checked at different times (see Table 1 ).
Chickens immunized against PR-RSV-A, B77, and BH-RSV complemented with MAV-2 were inoculated with 103 focus-forming units of virus in the wing web. Tumors developed after 10 to 15 days. Some birds died. In the surviving chickens, the tumors usually regressed. Viral presence and neutralizing antibodies were checked at the periods indicated in Tables 2 and   3. Cells. Macrophages of peripheral blood were prepared by the albumin flotation technique described by Weiss and Fawcett (17) and cultivated as previously indicated (3). Spleen and bursa cells were prepared as follows. Individual spleens and bursas were minced into small pieces, which were then dissociated through a 20-gauge needle. After filtration through nylon gauze, cells were centrifuged and suspended in the growth medium. Chicken embryo fibroblasts were prepared as previously described (3).
Assays. Leukosis viruses of subgroups B and D were assayed by the plaque assay (5, 9) . Sarcoma viruses were titrated by the focus assay described by Vogt (14) .
Infectious center assays for cells infected with sarcoma or leukosis viruses were performed as described by Rubin (10) . 
RESULTS
Persistence of avian leukosis viruses. The presence of virus in the plasma and in macrophages of chickens infected with MAV-2 and CZAV was checked at between 6 and 31 months after the first viral infection. The results are reported in Table 1 . They indicate that: (i) no infectious virus was recovered in the plasma; (ii) infectious virus was only found in macrophages obtained from the peripheral blood of the inoculated chickens; and (iii) neutralizing antibodies were always present in the sera of all chickens.
The infectious center assay was sufficiently sensitive to detect a low percentage of infected macrophages. The percentage of MAV-2-in- fected macrophages varied in the range of 0.1 to 0.7%. In contrast, the percentage of CZAV-infected macrophages was in the range of 0.01 to 0.001%, with one exception (chicken 9722 at 6 months post-inoculation). The difference between MAV-2-and CZAV-inoculated chickens might be due to the fact that MAV-2 was able to replicate in the macrophages in culture, whereas CZAV was not (4). In both cases, the percentage of infected macrophages was fairly stable throughout the study period. Of interest was the observation that in macrophages from chickens 9375 and 9516 MAV-2 was detected at 28 and 31 months, respectively, after the first viral inoculation. Neutralizing antibodies were always detected in the sera of the birds and were present at high titers. Macrophages obtained from the peripheral blood of chickens injected with either MAV-2 or CZAV were inoculated into chickens (about 6 x 105 cells per animal). Neutralizing antibodies were detected in the recipient chickens as early as 1 month after the inoculation of macrophages.
Persistence of avian sarcoma viruses. Presence of virus in the plasma and in macrophages infected with PR-RSV-A or B77 was assayed between 2 and 24 months after the viral infection. The results are summarized in Table  2 . They show that no virus was recovered from the plasma of the chickens, even in the absence of neutralizing antibodies. Infectious center assays show that no virus was present in macrophages obtained either from chickens bearing a tumor or from chickens after regression of the tumor. The search for virus was also negative in cocultivation experiments in which mixed cultures of macrophages and fibroblasts were twice transferred at 4-day intervals. In addition, interference assays performed to determine whether transformation-defective viruses (15) were present either in the plasma or in macrophages were always negative. Neutralizing antibodies were not detected in the serum obtained from birds infected with PR-RSV-A.
Moreover, no neutralizing antibodies were found in the serum of chickens injected with macrophages obtained from chickens previously inoculated with PR-RSV-A and B77. This observation was in contrast to the results obtained with chickens infected with avian leukosis viruses. It confirmed that neither virus particles nor the viral envelope glycoprotein gp85 (2) was present in the macrophages of chickens infected with the sarcoma viruses.
Presence of avian oncoviruses in lymphoid organs. The previous experiments were performed by using the same chickens throughout the study, and for this reason it was impossible to look for the presence of avian oncovi- Macrophages obtained from peripheral blood and cultivated for 1 week were plated on chicken fibroblasts at 103 to 106 cells per plate. Plates were overlaid as for a focus assay, and the presence of foci was checked after 10 days. The data are expressed as the percentage of infectious centers.
f The data are expressed as the reciprocal of the serum dilution which neutralized 300 to 400 focus-forming units of the respective avian sarcoma virus. (13) . In the case of avian and mammalian tumor viruses, viral information may persist in an integrated form within the cellular genome. So far no study on the long-term persistence of infectious avian oncovirus particles has been performed which may provide an insight into how infectious viral particles coexist with cells.
Previous studies have shown that injection of avian oncoviruses into embryonated eggs or into newborn chickens led to an immunological tolerance of these viruses. Under these conditions, inoculation of sarcoma viruses caused the rapid death of the animals, and that of leukosis viruses led to a viremia (10) (11) (12) ). An immunological response against these viruses was obtained only when they were injected into 1-to 2-month-old birds, which were, at that age, immunocompetent. Tumors induced by sarcoma viruses regressed, and viremia did not develop after the inoculation of leukosis viruses. These animals were able to mount cellular and humoral immune responses against both tumor or viral antigenic determinants (7, 16) . When one considers the production of antiviral humoral antibodies, mononuclear phagocytes might play a major role in sequestering the viral particles and in cooperating with lymphocytes during the immune response (1).
Our study on the persistence of avian oncoviruses shows clearly that avian leukosis viruses persisted in macrophages from animals which have produced neutralizing antibodies against these viruses. These viruses persisted in macrophages for up to 2.5 years, when the birds were finally sacrificed. In comparison, very few lymphocytes from spleens or bursas were found to carry infectious particles. This result, however, must be cautiously considered, due to the presence of macrophages in these two organs. In contrast to these results, no avian sarcoma viruses could be detected in macrophages or in lymphocytes from chickens infected with these viruses. No infectious particles were recovered even when the birds were bearing a tumor.
It would be premature to link the presence of antibodies neutralizing avian oncoviruses to the persistence of these viruses in the macrophages. This conclusion might be true in the case of leukosis viruses, but is not supported by the results obtained with sarcoma viruses. It is possible, however, that in the latter case the antiviral humoral immune response might be dependent on the rapid cell-mediated immune response against sarcoma cells (7, 16) .
In any case, the persistence of avian leukosis viruses in macrophages may be of significance when it is related to the long latent period preceding the expression of the oncogenic disease in animals inoculated with these viruses.
